D
o surprises in macroeconomic data releases and monetary policy actions of the Federal Reserve lead economic agents to update their beliefs about the rate of inflation? If so, which macroeconomic data releases matter for inflation expectations? Does Federal Reserve communication (for example, speeches and testimonies by Fed officials) affect the uncertainty surrounding the rate of inflation that economic agents expect for the following 10 years? These are some of the questions we are trying to answer in this paper.
We gauge inflation expectations by two different concepts of inflation compensation, both of which are derived from the market valuation of the expected cash flows of nominal Treasury securities versus inflation-indexed Treasury securities (TIIS). We look at 35 macroeconomic data series (for example, the monthly change in nonfarm payroll employment) and determine whether daily changes in inflation compensation are associated with the surprise component in these series. We define the surprise component as the difference between the expected and the actually released value of the series, normalized by the degree of uncertainty surrounding these expectations. The time period of our analysis is January 31, 1997 31, , to June 30, 2003 , for one concept of inflation compensation and January 4, 1999 4, , to June 30, 2003 , for the other. For the 35 macroeconomic data series, we find the following: for 17, the surprise component in the announcement has no bearing on inflation expectations; for 5, the surprise component has an effect on one measure of inflation expectations, but not on the other; for 13, the surprise component in the release consistently affects inflation expectations, independent of the employed concept of inflation compensation. Further, we show that monetary policy actions that are tighter or easier than expected by the federal funds futures market have a statistically significant effect on the expected statistically significant response of inflation expectations to surprises in the CPI, the core CPI, retail sales, and the NAPM index. Gürkaynak, Sack, and Swanson (2003) analyze the response of inflation compensation embedded in one-year nominal versus inflation-adjusted forward interest rates to surprises in macroeconomic data releases and Federal Reserve monetary policy actions-that is, changes to the Federal Open Market Committee's (FOMC) federal funds target rate. The forward rates are derived from the yields of 10-year Treasury securities-the TIIS and nominal securities. The pair of one-year forward rates that the authors study is the one for the 12-month time window between the maturity dates of the on-the-run 10-year TIIS and the (off-the-run) TIIS issued 12 months earlier. Prior to July 2002, and starting in 1997, 10-year TIIS were issued only once per year, in January.
This implies that the authors analyze changes to the inflation rate that is expected to prevail during a 12-month time window that starts, on average, 8.5 years from the time of the data release. The sample period runs from January 1997 through July 2002 and covers 39 macroeconomic data series. The authors show that the rate of inflation expected to prevail in about nine years' time correlates positively with surprises in consumer confidence, consumer credit, the employment cost index (ECI), gross domestic product (GDP, advance), new home sales, and retail sales and negatively with surprises in the federal funds target rate. The authors conclude (on p. 2) that their "empirical findings suggest that private agents adjust their expectations of the longrun inflation rate in response to macroeconomic and monetary policy surprises."
Like Gürkaynak, Sack, and Swanson (2003) , we analyze Treasury securities with a 10-year maturity. Unlike those authors, we study the average inflation rate expected for the next 10 years rather than the value expected for a 12-month window late in this time period. In other words, we make no statement about whether (and, if so, the degree to which) surprises in monetary policy actions and macroeconomic data releases affect the rate of inflation that economic agents expect to prevail in 8 to 9 years.
Another study related to ours is by Kohn and Sack (2003) analyze are the yields (to maturity) of the 2-year and 10-year Treasury notes. These authors find that statements of the FOMC and testimonies of Chairman Greenspan have a statistically significant impact on the variance of 2-year and 10-year Treasury note yields; no such effect was found for Chairman Greenspan's speeches. We follow Kohn and Sack (2003) and study the effect of Federal Reserve communication on the (conditional) volatility of inflation compensation-that is, on the uncertainty that surrounds the future rate of inflation.
MEASURES OF INFLATION COMPENSATION
In 1997, the U.S. Treasury introduced TIIS. These securities are issued alongside traditional (nominal) Treasury securities. Both types of securities are endowed with a fixed coupon yield-that is, the coupon payment per annum as a percent of the principal. Unlike the principal of the nominal Treasury, which is fixed for the lifetime of the security, the principal of the TIIS is adjusted daily to past changes in the rate of inflation, as measured by the (not seasonally adjusted) CPI for all urban consumers. The coupon payments of TIIS are made off of the inflationadjusted principal. If the rate of inflation turns negative, the principal is adjusted downward, possibly dropping below the par amount at issue. At maturity, TIIS are redeemed at their inflation-adjusted principal or par value at issue, whichever is greater.
It has become common practice to gauge inflation expectations-that is, expectations about the future, average rate of change in the CPI-from the inflation rate at which the market prices of comparable TIIS and nominal Treasury securities break even. To illustrate the theoretical motivation of this concept, consider, as an example, two default-free securities with annual coupon payments, identical coupon yield, an original principal of $1, and a time to maturity of one year. One is a nominal Treasury security and the other is a TIIS. For the two securities to deliver the same return to an investor who is indifferent to inflation risk (but not to inflation, of ( 1) where c is the coupon yield, π is the expected rate of inflation, and p n and p i are the prices of the nominal security and the TIIS, respectively. Solving equation (1) for the expected rate of inflation delivers (2) , where y n and y i are the yields to maturity of the nominal security and the TIIS, respectively. Equation (2) states that the break-even inflation rate, πˆ-that is, the expected rate of inflation at which the two securities trade at the same price-can be approximated by the difference in the yields to maturity between a nominal and an inflation-indexed security. For securities of more than one year to maturity, matters are more complex but the same principle applies.
Although the break-even rate of inflation makes up the bulk of the inflation compensation embedded in the market valuation of the expected cash flows of nominal securities versus TIIS, there is also compensation for inflation risk. Hence, the embedded inflation compensation exceeds the expected rate of inflation. Further, for positive rates of inflation, the payment stream on TIIS is back-loaded compared with the cash flow of nominal Treasury securities. This is because the TIIS principal and, hence, the coupon payments grow with the price level. Because the payment stream of TIIS is back-loaded, their duration with respect to the real (that is, inflationadjusted) term structure of interest rates is longer than the duration of nominal Treasury securities. In other words, the two types of securities do not have the same price sensitivity to real interest rates. Hence, the real-interest-rate risk (and thus the amount of compensation for this type of risk) might differ between the two securities; this may distort the measured inflation compensation. For technical details on the differences between the two securities, see Emmons (2000) and Sack (2000) .
A simple and readily available concept of inflation compensation is the difference in yields to maturity between the on-the-run nominal Treasury security and the on-the-run TIIS of the same original time to maturity. This concept of gauging inflation π , expectations has four major disadvantages. First, and most importantly, the market for nominal Treasury securities is more liquid than the market for TIIS, which may cause the yield spread to understate the expected rate of inflation by a liquidity premium (Sack, 2000) . Second, nominal Treasury securities and TIIS might not have the same duration with respect to real interest rates, which might cause the compensation for real-interest-rate risk in the yields of the two securities to differ. Third, the two types of securities might not be issued at the same dates and with the same frequency. Hence, the two on-the-run securities might not have the same remaining time to maturity. For instance, whereas nominal 10-year Treasuries are issued several times per year, the corresponding inflation-indexed securities are issued only once (1997) (1998) (1999) (2000) (2001) or twice (2002) per year. Fourth, the remaining time to maturity of on-the-run securities varies because new securities are not issued every trading day.
To avoid some of the drawbacks that come with the simple difference in yields between the on-therun nominal and inflation-indexed securities, we derive inflation compensation from a smoothed zero-coupon yield curve estimated from off-the-run nominal Treasury coupon securities. We use two different measures for the inflation-indexed yield. The first measure uses the on-the-run TIIS-the OTR measure. The other measure uses a smoothed zerocoupon yield curve estimated from TIIS, which allows us to compare the nominal and inflation-indexed yields at constant maturity-the CM measure.
THE DATA
Our analysis covers the period from January 31, 1997, to June 30, 2003, for the OTR measure, and from January 5, 1999, to June 30, 2003, for the CM measure. Each period begins on the starting date of the respective daily data series, provided by the Board of Governors of the Federal Reserve System. Both series contain missing values (OTR: 53; CM: 16)-that is, have trading days for which no OTR or CM observation is on record. The macroeconomic data releases are from Money Market Services. The dataset comprises median polled forecast values for 38 macroeconomic data series, along with the sample standard deviations of these forecast values. The Money Market Services survey is conducted every Friday morning among senior economists and bond traders with major commercial banks, brokerage houses, and some consulting firms mostly in the greater New York, Chicago, and San Francisco areas. Among these 38 series in the survey, there are three items-CPI, PPI, and retail sales-for which there also exists a "core" concept. Whereas the comprehensive items of the CPI and the PPI include food and energy items, the respective core measures do not. For retail sales, the narrowly defined concept excludes automotive sales. In the regression analysis, we exclude the three "core" concepts, which leaves us with 35 macroeconomic variables. 3 Data that were released on days when the markets were closed were moved to the next trading day-the day on which this information could be priced in the marketplace.
We try to relate daily changes in inflation compensation to the surprise component in macroeconomic data releases. We define the surprise component as the difference between the actual and the median forecast values, normalized by the sample standard deviation of the individual forecasts. 4 We also control for Federal Reserve communication and actions. Our concept of Federal Reserve communication comprises (i) Chairman Greenspan's semi-annual testimony to Congress (formerly known as Humphrey-Hawkins Testimony) and (ii) speeches and other testimonies of Chairman Greenspan. Consistent with the macroeconomic data releases, we moved Federal Reserve communication to the next trading day if this communication occurred after-hours (that is, after the data input for the inflation compensation measures were recorded) or on days on which there was no trading. Finally, we control for the surprise component in changes (or the absence thereof) of the federal funds target rate, which we measure as suggested by Kuttner (2001) and discussed by Watson (2002) . For each scheduled and unscheduled FOMC meeting, we scaled up by 30/(k+1) the change of the price of the federal funds futures contract for the current month on the day of the FOMC meeting, t, where t+k denotes the last calendar day of the month. 5 Note that this variable is not on the same scale as the surprise component in the macroeconomic data releases. In a sensitivity analysis, we use an alternative measure of the surprise component in monetary policy actions. This alternative measure, devised by Poole and Rasche (2000) , rests on price changes of federal funds futures contracts also. 6 Table 1 shows the frequency with which releases of the 38 macroeconomic data series match recorded OTR and CM inflation compensation during the two respective sample periods. The numbers of data releases during the sample period are in parentheses, and the differences in the two numbers are due to missing values. We also report matches for scheduled and unscheduled FOMC meetings-the federal funds target variable, the surprise component of which was calculated as outlined above-and the two Federal Reserve communication variables defined above-(i) semi-annual testimony to Congress and (ii) Greenspan speeches, testimonies other than semi-annual testimony to Congress. The only weekly series in the dataset, initial jobless claims, has the highest frequency. The next-to-highest frequency is observed for testimonies other than semi-annual testimony to Congress, followed by monthly data releases, FOMC actions (federal funds target), quarterly data releases, and the Chairman's semi-annual testimonies to Congress. An exception is nonfarm productivity, which entered the Money Market Services dataset during the sample period; the first surveyed number refers to the first quarter of 1999. Table 2 , center column, offers a frequency distribution for the coincidence of surprises in macroeconomic data releases (Money Market Services survey) and monetary policy actions. For instance, for the OTR measure of inflation expectations, 453 of the 1,555 trading days analyzed had no surprises in data releases or monetary actions, possibly because no data were released or no action taken; 615 trading days (40 percent) had more than one surprise; and 270 (17 percent) had more than two surprises. 
EMPIRICAL FINDINGS
Our empirical approach rests on the following regression equation: 3 As will be discussed, our exclusion of the "core" variables did not materially change our empirical results. 4 Remolona (1997, 1999) calculate the surprise component by normalizing the difference between the actual and the forecast values by the mean absolute difference observed for the respective variable during the sample period. Balduzzi, Elton, and Green (2001) normalize the difference between the actual and the forecast values by the standard deviation of this difference during the sample period. Gürkaynak, Sack, and Swanson (2002) do not normalize their variables. 
where πˆt -πˆt -1 is change in the inflation compensation from trading day t -1 to trading day t, D is an indicator variable that is equal to 1 if all explanatory variables are equal to 0 (and is equal to 0 otherwise), x t k is the surprise component in the macroeconomic data release, ff t is the surprise component in the Federal Reserve action (the federal funds target variable), and ε t is an identically and independently distributed error term with mean 0 and finite variance σ 2 . 7 The dependent variable is, alternately, the OTR and the CM measures of inflation compensation. 8 We expect signs on the surprises in the macroeconomic data releases to be consistent with the conventional macroeconomic theory as taught in the classroom. Bernanke (2003) presents a brief summary of this theory using the expectations-π
augmented Phillips curve. In this model, inflation depends on inflation expectations, the output gap, and supply shocks. The most important determinant of inflation is the expectation component. Anything that causes people to expect more inflation is likely to lead to behavior that causes higher inflation. Forecasting models and studies using surveys of inflation expectations show that the most important variable in predicting future inflation is past inflation. 9 Therefore, we expect surprise increases in price indices (such as the CPI or PPI) to lead to higher inflation expectations. We assume that real variables affect inflation indirectly through the output gap, that potential output is relatively stable (as measured by the Congressional Budget Office, CBO), and that most news about real activity is news about aggregate demand. Therefore a surprise increase in any subset of real economic activity may lead to expectations of higher inflation. The Phillips curve model also performs better if we account for supply shocks. A surprise in real activity may be associated with a supply shock rather than an aggregate demand shock. The real variable included in this study that 9 See Stock and Watson (1999) for evidence about the role of past inflation and real variables in predicting inflation. is explicitly thought to measure changes in aggregate supply is labor productivity. The expected sign of the federal funds target variable is negative. Remember that this variable measures the surprise in the choice of the federal funds target rate at scheduled and unscheduled FOMC meetings. We predict economic agents to revise down (up) their expected rate of inflation in response to FOMC actions that are indicative of monetary policy tighter (easier) than expected. Tables 3 and 4 show the regression results for the OTR and CM measures, respectively. 10 The regression coefficients of the federal funds target variable have the expected sign and are statistically significant. A surprise in the expected federal funds target rate of 10 basis points reduces the expected rate of inflation by 2.2 basis points (OTR measure) and 1 basis point (CM measure), respectively. The macroeconomic data series that prove statistically significant are ranked in Table 5 by the magnitude of their influence on each measure's (OTR and CM) inflation expectations. Remember that all macroeconomic data items are on the same scale (scaled by their standard deviation). Data releases whose surprise component proved statistically significant in the Gürkaynak, Sack, and Swanson (2003 , Table 3 ) study, are noted with an asterisk. All statistically significant regression coefficients have the expected sign, except consumer credit and housing starts. 11 Greater than expected numbers for consumer credit and housing starts numbers might be thought of as "bullish"; yet, the regression coefficient is negative. The six common variables whose surprise components bear most heavily on both measures of inflation expectations are the employment cost index, the Purchasing Managers' Index, CPI, retail sales, factory orders, and personal income. The capacity utilization rate was the most significant mover of inflation expectations using the CM measure, while the ECI mattered the most in the OTR measure.
Frequency Distribution of Coincidence in Surprises
We repeat the regression analysis (3) for the core measures of CPI, PPI, and retail sales. That is, we replace the respective comprehensive (total) numbers in model (3) by CPI excluding food and energy, PPI excluding food and energy, and retail sales excluding automotive. These regression results, which are not shown, have less explanatory power than the regression equations with the comprehensive numbers, as judged by the R 2 . Further, while CPI retains its statistical significance, retail sales do not; PPI remains statistically significant only for the OTR measure. The results for the federal funds target variable are nearly unchanged. Poole, Rasche, and Thornton (2002) argue that monetary policy surprises as gauged by the change in federal funds futures prices are measured with error. This is because federal funds futures prices not only change in response to monetary policy actions, but also respond to other information pertinent to the future path of the federal funds rate. Because of the measurement error introduced by such ambient price changes of federal funds futures contracts, the regression coefficient of the federal funds target variable is biased toward 0. We deal with the error-in-variables problem by employing an instrumental-variables approach. As an instrument for the federal funds target, we use an indicator that is equal to 1 if the federal funds target exceeds its median positive value, equal to -1 if it falls short of its median negative value, and 0 otherwise. 12 Table 6 shows the regression results of the instrumental-variables approach applied to equation (3). We use two different definitions of the surprise component of monetary policy actions (the federal funds target variable). First, we provide results for the concept that we have used throughout the paper-the measure suggested by Gürkaynak, Sack, and Swanson (2003) , which is denoted federal funds target (GSS) in the table. Second, we present results for the surprise measure devised by Poole and Rasche (2000) , which is denoted federal funds target (PR) in the table. Unlike the GSS measure, which rests on the scaled price change of the current month's federal funds futures contract (unless the monetary policy surprise happens within the last seven days of the month), the PR measure always uses the price change of the next month's federal funds futures contract. One of the regression coefficients for the federal funds target (GSS) is indeed larger (in absolute value) than without the error-in-variables correction (Table 4 , CM measure), while the other is smaller (Table 3, (3) is heteroskedastic. Rao's score test on heteroskedasticity shows that the null hypothesis of no heteroskedasticity is indeed rejected for the OTR measure of inflation compensation (Table 3) but not for the CM inflation compensation measure (Table 4) . 13 To address the issue of inflation uncertainty, we use the squared residuals from regression equation (3)-the regression results of which are shown in Tables 3 and 4 -in an estimation approach suggested by Amemiya (1977 Amemiya ( , 1978 . We regress these squared residuals on the federal funds target variable, an indicator variable that is equal to 1 on days where Federal Reserve communication was priced in the market (and 0 otherwise), and the previously introduced intercept indicator variable (D). The regression 13 For Rao's score test, see Amemiya (1985) . 
Ranking of Macroeconomic Data Releases by Impact on Inflation Expectations

CONCLUSION
Do monetary policy actions that are tighter or easier than expected by the federal funds futures market bear on the average rate of inflation that economic agents expect to prevail over the next 10 years? Moreover, do surprises in macroeconomic data releases lead economic agents to update their beliefs about the average rate of inflation they expect for the next 10 years; if so, which data series matter the most? We gauged inflation expectations by two different measures of inflation compensation, both of which are derived from the market valuation of the expected cash flows of nominal and inflationindexed Treasury securities.
We find that surprises in monetary policy actions bear on both measures of inflation expectations. Monetary policy actions that are viewed as tighter (easier) than expected by the market lead economic agents to revise down (up) their expected rate of inflation. Further, one measure indicates that Federal Reserve communication reduces uncertainty about the future rate of inflation, while surprises in monetary policy actions increase uncertainty about the path the rate of inflation is going to take. We also show that surprises in macroeconomic data releases matter. In particular, we show that the surprise components in data releases for the employment cost index, the Purchasing Managers' Index, CPI, retail sales, factory orders, and personal income bear most heavily on both measures of inflation expectations.
